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(54) SPUTTERING SOURCE 

(57) Sputtering source with a linear hollow cathode, an anode, a suitable 
current supply, an input device for the flow of inert gas and a substrate, whereby 
at least one linear hollow cathode (1) is provided, which consists of planar 
targets (2), which are arranged paralielty and are of the same or approximately 
the same size, so that openings on the substrate side and openings lying 
opposite are formed for introducing the inert gas and so that front walls (4) which 
are electrically insulated opposite targets (2) and anode (9) are provided at the 
openings on the front side (6). 
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DESCRIPTION 

TT16 invGDtion concGms 3 sputtoring sourcG with sl hollow cdthodc for ths 
reactive coating of substrates. 

Sputtering sources for reactive coating are known. 

Thus, K. Ishii, J. Vac. Sci. Technol. A7 (2), p. 256 (1989) describes a 

ft 

coating process, in which cathode material sputtered via a hollow cathode by 
means of an argon gas flow at a pressure of 0.25 to 1 Torr is deposited at a high 
rate onto a substrate arranged above the cathode opening. 

In DD 294,51 1 . a process and a device are also proposed for reactive gas 
flow sputtering. Here, material is also sputtered from the target representing the 
hoiiow cathode, and this material is deposited onto the substrate. Tne hollow 
cathode used for this purpose consists of several electrically Insulated targets, 
which fomi a cylindrical hollow cathode, on the back end side of which is found 
an influx opening for inert gas or a gas influx opening for reactive gas. 

it is» however, only possible to coat relatively small substrates with these 
hollow cathodes of the state of the art. since the surface to be coated is related 
to the operiing on the substrate side of the hollow cathode. 

Further, linear hoiiow ^thodss are also known ({1 j H. Koch, LJ. 
Freidrich, V. Hinkel, F. Ludwig, B. Politt, and T. Schurig, J. Vac. Sci. Technol, A9 
(1 191) 2374; [2] T. Jung, Patent Application of the FhG of 3/27/1992, entitled 
"Device for reactive hollow cathode sputtering". Reference P 42 10 125.5), which 
consist of several planar target parts or one or more cun^ed target parts. 



It is a disadvantage here that several individual targets and/or target parts 
in expensive form are necessary. Combination with an additional water cooling 
is a particular disadvantage in these hollow cathodes, which consist of several 
individual targets. This [device for] water cooling must be formed to correspond 
with the target material of various shapes and is correspondingly expensive. 
These hollow cathodes introduce the further disadvantage of undesired 
depositions in the target recesses. Insulating materials are thus often coated 
along with the targets and after a short time they participate in an uncontrolled 
way in discharge and coating. 

It is also known in the case of the above-descrit^ed hollow cathodes to 
enclose the hollow cathodes in a housing. The hollow cathode is thus open on 
the side of the operating gas influx opposite the vacuum space or closed by 
means of a wall or a hollow space. All other parts conducting target potential 
(e.g.. structural parts of a target suspension and cooling device) are freely 
accessible to gases and discharge, or they are covered with metal parts with the 
use of insulating materials or only by insulating materials. 

Due to this configuration, detectable parasitic worthing gas flows sweep 

coated insulating parts, in addition, a completely Insulating covering of all other 
parts conducting target potential is expensive, but dispensing with them can lead 
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to layer contamination by sputtering erosion and, upon contact with reactive gas, 
undeslred arc discharges can occur. 

Common to all of the above-described sputtering sources is the fact that 
they are only suitable for coating large-surface substrates within certain limits. 
Previously, linear hollow cathodes in the form of the initially described 

■ 

configuration. I.e.. of several individual differently shaped target materials have 
been used for large-surface coating. The surface to be coated therefore always 
corresponds to the surface loaded by the hollow cathode. 

Another method is coating by means of a matrix. However, a matrix is 
very expensive, particularly if a cooling is necessary. For a true two-dimensional 
coating, a substrate motion is thus required. 

Processes and devices are not known from the state of the art, virtiich 
make possible a large-surface coating with simple sputtering sources. 

The present invention Is introduced here, whose task is to make available 
a simple and cost-favorable sputtering source, which makes it possible to coat 
particularly large-surface substrates. 

Th© fnvtntlor^ is resolved by the characterizing features of Claim 1, 
Advantageous further embodiments, with respeei to the configuratiori of tho 
Sputtering sou)ro@9 fesuu uom ino s^nckfay^w**^***^ t^iA%%0»^sj w. w***^^.'-*-. *-w c^, 

Th© solution of the Invention Is particylarly characterized by the fact that 
the hollow cathode consists of two target halves, whereby the front sides are 
sealed by front walls, which are insulated with respect to the target halves. By 
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means of this solution of the invention, it is possible to use targets of a simple 
fomi. The targets may be planar and, e.g., rectangular. Thus, complicated 
target shapes, as have been known from the prior art, are unnecessary. It is 
favorable that the coating of the front walls has no Influence on the discharge 
and the coating of the substrate. The front walls may also be of made of 
inexpensive material, e.g., metal. This has the advantage that the front walls 
can be easily processed. The proposed hollow cathode of the invention is 
further characterized by the fact that the targets are unifomily eroded. 

According to a preferred form of embodiment, it is proposed to insulate 
the front wall opposite the targets in such a way that a gap is left free between 
the front sides of the targets and the front wail. Preferably the gap has a width 
of 0.1 mm to 1 0 mm. Another embodiment of the invention provides for the fact 
that Instead of insulating by means of inert gas, i.e.. through the gap, this gap is 
filled partially or completely with an insulating material, such as ceramics and/or 
glass and/or mica. The linear hollow cathode proposed according to the 
invention introduces the further advantage that a target cooling [device] can be 
introduced very easily due to the simple planar construction. 

The lnve.ition thus combines two essentia! advantages w^ea compared 
with th© Stat© of the art. First, a very simple and inexpensive hollow cathode is 
formed by the proposed hollow cathods, which has the advantage that it assures 
a uniform erosion of the target Secondly, the introduction of a target cooling 
[device] is extremely simple, due to the planar construction. 
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Another essential aspect of the proposed hollow cathode of the invention 
consists of the fact that because of the planar construction, it is possible to form 
not only a hollow cathode of two target halves (Claim 5), but that at least two to 
ten or even more hollow cathodes can be arranged in parallel, whereby 
neighboring hollow cathodes have one target In common. The front wall then 
commonly seals all the front-side hollow cathode openings. It is now achieved 
by this configuration of the invention that large surfaces corresponding to the 
number of parallel hollow cathodes can be uniformly coated and that, in addition, 
target material is spared, since neighboring hollow cathodes only have a 
common target. Advantageously, for the proposed parallel hollow cathodes, 
only one common target cooling will be necessary for neighboring targets. The 
proposed solution thus penmits large-surface coatings in two dimensions at high 
rates and without moving the substrate. In addition, there are savings with 
respect to target material and cooling devices. The sputtering source thus also 
has a small space requirement. The construction further makes it possible to 
inexpensively screen the target cooling and fastening devices. 

Another embodiment of the invention provides for the fact that the hollow 

It is essential to the Invention that the housing is designed in such a way that an 
opening is also present on the side of the opening of the cathode on the 
substrate side, which is large enough so that it either does not hinder or only 
slightly hinders the gas flow to the substrate. Another essential condition is the 
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fact that a sufficiently large flow resistance is present for the undesired gas path, 
I.e.. outside the hollow cathode. This can be achieved by a small cross section 
and/or long and angled paths, so that only a negligibly small portion of the 
operating gas takes this path and material eroded from the other parts 
conducting target potential do not enter In undesired quantities in the working 
gas flow and travel with it to contaminate the substrate, the housing may thus 
be partially identical to the outer wall of the vacuum tank. In which coating 
occurs. The advantage is that the operating gas is fully utilized, since it must 
occupy almost completely the path through the hollow cathode. A harmful 
coating of insulating structural parts does not occur. Layer contaminations due 
to sputtering erosion of other structural parts may be avoided or prevented. Tne 
other structural parts conducting target potential do not come into contact with 
possible reactive gas. 

According to another preferred configuration of the invention, it has also 
been proposed to introduce throttle sites on the opening of the housing on the 
substrate side. The throttle site represents a cross-sectional constriction for the 
gas flow and thus [there occurs] an increase in gas velooiiy and a reduction of 
.•"eactivs gas diffusion to the target. The cross section of the throttle s.'te can 
thus hav© approximately the sire of the cross section of the hollow cathode 
opening. 

Another configuration of the invention provides that devices for feeding 
the reactive gas through a multiple nozzle system are provided (e.g., one or 
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more tubes with a sufficient number of small side openings, which are directed, 
e.g., onto the substrate), and these are arranged outside the hollow cathode 
between the hollow cathode and the substrate. Thus the flow of gas and target 
material to the substrate is not hindered, or is only hindered very slightly. The 
multiple nozzles must be distanced from the substrate and consist of enough 
individual nozzles to distribute the reactive gas sufficiently uniformly in the 
necessary concentration over the substrate surface. They must be further 
distanced from the hollow cathode opening, so that the reactive gas diffusing 
toward the operating gas flow cannot reach a concentration which causes 
significant chemical reaction in the process at any place on the active target 
surfsoOo 

Other characteristics, particulars and advantages of the invention will 
result from the following description of the drawings. 
Here: 

Fig. 1 shows a linear hollow cathode with two targets and front walls 
separated by a gap in 

a) top section 

«=f/ lesifoscia Vscrytf, 

Fig. 2 shows coupled linear hollow cathodes without target cooling with 

■ (■vs. a 9o.m»»«b/ ww|^<Mifc« vit%w<M' l^t^l^ III (w^^ yl^^yy 

Fig. 3 also shows coupled linear hollow cathodes, but here with target 
cooling; 
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Fig. 4 shows coupled linear hollow cathodes In a cross-sectional 
representation with target cooling; 

Fig. 5 shows a hollow cathode consisting of two target halves with 
housing in the cross-sectional representation; 

Fig. 6 shows a linear hollow cathode according to Fig. 5 with the addition 
of throttle sites and reactive-gas nozzles; 

Fig. 7 shows a hollow cathode with external multiple reactive gas nozzles 
and gas throttle in the cross-sectional representation. 

Fig. 1 shows a linear hollow cathode 1 with two targets 2 and front walls 4 
separated by gap 3. In Fig. 1, linear hollow cathode 1 is shown In an insulated 

, .u niwy v.o»v/ siioi^s a linear noiiow catnoae 1 consisting of two 
target halves 2 as well as a con-espondlng target cooling 5. The front wail 4 Is 
separated by a gap 3 from front sides 6 of hollow cathode 1. The Insulation in 
the example according to Fig. 1 is achieved here by Inert gas. The gap 
preferably has a size of 0.1 mm to 10 mm. It can be seen from Fig. lb (side 
view) that In the example according to Fig. 1. targets 2 and target cooling 5 have 
a rectangular planar form. !n operation, tho plasma burns between targets 2. 

Fig. 2 now shows coupled linear hollow ^thodes 1 without target ceding 
5 in top view. According to the invention, adjacent hollow cathodes 1 have her© 
only one target 2. In Fig. 2, the front wall 4 is again separated from front side 5 
of linear hollow cathode 1 by a gap, in order to effect an Isolation. According to 
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the invention, the isolation may be produced, however, also by Insulating 
material. 

Fig. 3 also shows coupled linear hollow cathodes 1 in top view, here now 
with target cooling 5. An essential advantage of the invention in the solution 
proposed here consists of the fact that two adjacent hollow cathodes 1 require 
only one target cooling 5. Therefore, not only Is space saved, but hollow 
cathode 1 can be produced easily and inexpensively in terms of technical 
process. 

Fig. 4 now shows coupled linear hollow cathodes according to Fig. 3. now 
in cross-sectional representation. Fig. 4 makes It very clear that a large-surface 
substrate coating Is possible due to the coupled parallel arrangement of linear 
hollow cathodes according to the invention, since the plasma, which is 
conducted through the individual linear hollow cathodes, is combined in front of 
the substrate and thus makes possible a large-surface coating. For operation, 
inert gas flows from the influx device 8 through hollow cathode 1 and erodes 
target material, which is deposited onto substrate 7. In Fig. 4, one anode 9 is 
thus utilized. However, it is also possible to use individual anodes. 

X W aiwvv OilS/wd iA IWllll Wl Wlllh/WUlllllOill Wl CI lll lOai i twiiwvv udtii lUOO I 

according to th© invention^ consisting of two target halves 2 and corresponding 
target cooling 5 with a housing 10. Due to the proposed oonfiguration of 

housing 10 according to the invention, it is now achieved that the inert gas flow 

* 

produced by influx device 8, here a gas nozzle, is conducted almost exclusively 



through hollow cathode 1 itself, since the path to the left and right of hollow 
cathode 1 is very greatly hindered due to the narrow cross section. 

Fig. 6 now shows a sputtering source according to Fig. 5, but here also 
with a throttling site 1 1 and reactive-gas nozzles 12. Reactive gas nozzles 12 
are thus arranged between the substrate-side opening and substrate 7, here 
outside the housing. Throttle sites 1 1 effect a concentrating of the inert gas flow 
and thus a hindering of reactive-gas diffusion to the target. 

Fig. 7 again shows a hollow cathode 1 with external multiple reactive-gas 
nozzles 12 and a gas throttle 1 1 again in cross-sectional representation. In this 
example of embodiment, a housing 10 is not provided, but only a gas throttle 1 1 
and corresponding readi ve-gas nozzles 1 2. 

PATENT CLAIMS 

1. Sputtering source with a linear hollow cathode, an anode, a suitable 
current supply, an influx device for the flow of inert gas and a substrate, is 
hereby characterized by the fact that at least one linear tiollow cathode (1) Is 
provided, which consists of planar, parallsliy arranged targets (2) of equal or 
approximately equal size, so that openings on the substrate side and openings 
lying opposite these for introducing the inert gas are formed and so that front 
waits (4) are provided at the openings on front side (6), and these walls are 
electrically insulated with respect to targets (2) and anode (9). 
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2. Sputtering source according to Claim 1, further characterized in that 
electrical insulation is obtained by means of inert gas by separating front walls 
(4) by a gap (3) with a distance of 0. 1 mm to 1 0 mm from front sides (6) of 
cathode (1). 

3. Sputtering source according to Claim 1 or 2, further characterized in 
that gap (3) is filled completely or partially by an insulating material, such as 
ceramics and/or glass and/or mica. 

4. Sputtering source according to Claims 1-3, further characterized in that 
the respect targets (2) are provided with a target cooling (5). 

5. Sputtering source according to Claims 1 •4, further characterized in that 
a hollow cathode (1) consisting of two targets (2) is provided. 

6. Sputtering source according to Claims 1-4, further characterized in that 
two to ten parallelly arranged hollow cathodes (1) are provided, whereby 
adjacent hollow cathodes (1) each have a target (2) in common. 

7. Sputtering source according to Claim 6, further characterized in that 
adjacent targets (2) are cooled by a common target cooling (5). 

8. Sputtering source according to Claims 1 -7, further characterized in that 

tha flow Irnexfi oJ^c uihnrnhv hAMCrnn ic rfacfnn^srll ciiph that thA nac iinw 

coming from input device (8) is almost exclusively guided through the opening 
lying opposite the substrate-side opening, and that housing (10) also has an 
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Opening on the substrate-side opening, which corresponds approximately in its 
size to the substrate-side opening. 

9. Sputtering source according to Claim 8, further characterized in that 
throttle sites (11) are provided on the substrate-side opening. 

10. Sputtering source according to Claims 8-9, further characterized in 
that additional input devices (12) for reactive gas are provided outside housing 
(1 0) and underneath substrate (7). 

11. Use of the sputtering source according to Claims 1-10 for producing 
thin layers, particularly for producing large-surface coatings. 

7 pages of drawings attached h@r@iO. 
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Beschreibung 
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